Two south-west Mediterranean fish farms were monitored over a period of 22 months to test if sea-cage fish farms act as settlement habitats for juvenile fish. Twenty juvenile fish species were found to settle at farms throughout the year. Fish assemblage composition varied markedly over time and was dependent on the spawning period for each species. The most abundant species were Oblada melanura, Atherina sp., Diplodus sargus, Boops boops and Liza aurata. Up to 3783 ± 1730 individuals/cage were found closely associated with the cages. Highest densities were observed during the warmer summer and autumn months. Zooplankton sampling and stomach content analyses of the most abundant species were done to assess prey availability, selectivity and diet overlap among species. Copepods were the main prey item for all juvenile fish species, irrespective of fish size. Ivlev's Index indicated that food was not a limiting factor for juvenile fish at farms. Furthermore, food pellets from the farm affected the food chain by modifying the fatty acid profiles of farm-associated zooplankton and juveniles of L. aurata and O. melanura. These results show that aquaculture can directly influence the body composition of juvenile fish that recruit to sea-cage fish farms.
Introduction
Settlement and recruitment of fish to nursery habitats may be determined by a combination of several factors, such as spawning strategies of breeding stocks (Sherman et al., 1984) , chemical cues (Sweatman, 1988) , or oceanographic features (Govoni and Pietrafesa, 1994) , among others. Despite considerable research, factors leading to habitat choice by pre-settlement fish remain unclear. Fish recruit to a wide variety of natural environments, but also to artificial structures like docks, oil jetties (Rilov and Benayahu, 2000) , oil platforms (Love et al., 1994) , fish attraction devices (FADs; Gooding and Magnuson, 1967) , artificial reefs (Beets, 1989) and bivalve aquaculture rafts (Powers et al., 2007) . In the case of FADs, the two most widely accepted explanations for this behaviour are the 'meeting-point theory' -where fish aggregate around a reference site in order to form schools and therefore gain protection; and the 'indicator-log theory' -where fish aggregate around drifting objects which accumulate in frontal zones where food may be more abundant (Freon and Dagorn, 2000) . Factors which induce an individual to choose an artificial structure instead of a natural environment remain unclear, though this behaviour may have important consequences for population dynamics due to potentially differential predation rates or food availability between natural and artificial sites.
As sea-cage aquaculture production in the Mediterranean has continued to increase in recent years (e.g. >160,000 t yr À1 of seabream and sea-bass; FAO, 2007) , so too have concerns regarding the potential impacts of aquaculture on the natural environment of the surrounding area. Impacts on wild fish populations have attracted considerable attention due to environmental and economical interests. Sea-cage aquaculture has a strong aggregative effect on wild fish (Dempster et al., 2002) . Attracted fish actively feed on uneaten food pellets which fall through nets , while carnivorous species are attracted by the increased abundance of prey . Wild fish, which take advantage of the ready and constant availability of artificial food resources around fish farms, may also experience a change in their fatty acid (FA) composition with unknown consequences for their physiology.
To date, there is an almost total lack of knowledge regarding the role of fish farms as settlement habitats for juvenile fish. Therefore, to determine whether sea-cages are used by coastal fishes as settlement habitat, fish censuses and captures were carried out monthly over a 2-year period at two sea-bass and sea-bream farms in the south-western (SW) Mediterranean Sea. Stomach content analysis of captured individuals representing the dominant settling species were also carried out. Zooplankton tows immediately adjacent to the sea-cages were made in order to investigate changes in food utilization, food availability and prey selectivity by juvenile fish. Analysis of the FA composition of food pellets, zooplankton and juvenile fish were also made to test the hypothesis that lipids contained in food pellets influenced the food chain and led to changes in the physiology of settling juvenile fish around sea-cages. 
Materials and methods

Study sites
Spatial and temporal variability in aggregated species
The composition and abundance of juvenile fishes (<40 mm standard length -SL) around floating cages was estimated monthly from April 2006 to January 2008. A pilot study showed that juveniles aggregated around (<2-3 m) the floating cage tubes and in the first 3 m of the water column. Sampling was therefore restricted to this area. Sampling was carried out on three randomly selected days each month. On each sampling occasion, one diver slowly swam around each of three randomly selected cages to census the composition, abundance, and estimates of the size-classes of juvenile fishes. Spaces between cage structures were carefully searched for hiding individuals. A second diver then captured several schools of fish using a dipnet, separating each school sampled into separate bags based on species and size. Fish were sampled between 0900 and 1100 on each day of sampling.
Diet
Captured juveniles were stored in 70% ethanol. Once in the laboratory, they were identified (to species where possible) and standard length (SL) measured with a calliper to the nearest 0.1 mm. Stomachs were then removed, and all contents identified to the lowest taxonomic level possible and counted. Only entire organisms and detached heads were identified and counted. Some stomachs contained large numbers of copepod eggs, which were not used in calculation of the relative frequency of prey items. Overall, the stomachs of 82 Atherina sp., 54 Boops boops, 48 Diplodus sargus, 68 Liza aurata and 67 Oblada melanura were analyzed.
Prey selectivity
To estimate food availability, zooplankton samples were collected using vertical tows (17 m -surface). Two tows were made on each sampling day using a 60 cm diameter plankton net having a 200 lm mesh size. Ivlev's index (E; Ivlev, 1961 ) was used to estimate prey selectivity using the formula: E = (r i À p i )/(r i + p i ), where r i is the relative abundance of the food category i in the stomach (as a proportion of all stomach contents) and p i is the availability of this prey in the environment. Values range from À1 (total rejection or inaccessibility of the prey) to +1 (active selection of the prey), and zero indicates random feeding. Cage attached organisms (such as amphipods) were not used for calculations since it was virtually impossible to estimate their abundances from plankton tows. Prey that were absent from stomach contents were not included in calculations since their inclusion would have influenced the results for all other prey items (Johnson, 1980) .
Fatty acid composition
The FA profile of Liza aurata (12 individuals, 18-28 mm standard length -SL) and O. melanura (8 individuals, 15-20 mm SL), also collected with a dipnet, from around farms was compared to control populations captured at least 10 km away from the nearest fish farm. L. aurata were captured in September and October 2007, while O. melanura were captured in June and July 2007. Individuals captured at the two farms were pooled using the same number of fish from each location. Those captured at the two control locations were also pooled in this way. The FA composition of zooplankton was also analyzed. At each location, two zooplankton tows were made near farms and compared with tows made P3 km away from farms. Tows were done with the same methodology applied to the prey selectivity study. Once in the laboratory, samples were filtered and frozen at À18°C.
After whole individual fish tissue was filter homogenised, the FA composition of the total lipid fraction was determined by fat extraction following the method of Folch et al. (1957) , using a mixture of chloroform and methanol (1:1 for the first extraction and 2:1 for the second). Fatty acid methyl ester (FAME) samples were analyzed according to the method of Stoffel et al. (1959) by gas-liquid chromatography using a SP TM 2560 flexible fused silica capillary column (100 m length, 0.25 mm internal diameter and 0.20 lm film thickness; SUPELCO) in a Hewlett-Packard 5890 gas chromatograph. Peaks were identified by comparison of their retention times with appropriate FAME standards purchased from Sigma Chemical Company (St. Louis, MO, USA). Individual FA concentrations were expressed as percentages of the total content. Budge et al. (2001) detected inputs of terrestrial organic matter in the marine environment using the (18:2x6, 18:3x3) marker, whilst R(22:0, 24:0) has also been proposed to be useful as such a marker (e.g. Colombo et al., 1997; Budge et al., 2001 ). These markers were therefore also analyzed in order to detect any influence of farm feeding routines on wild fish assemblages.
Permutational multivariate analysis of variance (PERMANOVA) was used to test for differences in the overall fatty acid composition among the potential sources of variation (Anderson, 2004) . We tested whether the main FAs varied between farms and controls using univariate analysis of variance (ANOVA), the factor 'Farm' was considered a random factor with two levels -farm vs. control. Prior to ANOVA, heterogeneity of variance was tested with Cochran's C-test. As data were percentages, they were arcsine transformed (Underwood, 1997) .
Results
Spatial and temporal variability in aggregated species
Eighteen fish species, belonging to nine families, were found to settle at the Campello and Guardamar fish farms; Atherinidae, Carangidae, Labridae, Moronidae, Mugilidae, Pomatomidae, Serranidae, Sparidae and Syngnathidae ( Fig. 1 ). At Campello, however, we observed a much lower Atherina sp. abundance, with a maximum of just 19.5 ± 19.5 individuals/cage in September 2006 (Fig. 1) Species that were present in lower abundances are included in Table 1.
Diet
The percentage of empty stomachs was 9.7% for Atherina sp.; 0% for B. boops; 8.3% for D. sargus; 16.1% for L. aurata and 16.3% for O. melanura. The dominant prey item was adult copepods in all of the stomachs analyzed (Fig. 2) . The predominance of copepods in the diet was especially obvious for B. boops, L. aurata and O. melanura of all sizes (>60% of the diet). After copepods, the diet of these three species also contained a considerable number of copepodites and unidentified crustaceans. Cladocerans were also an important component of the diet of the smallest B. boops. For the smallest sizes of O. melanura, low numbers of nauplius larvae and amphipods were also recorded. In contrast, Atherina sp. and D. sargus stomachs contained other prey items, such as nauplius larvae, copepodites and cladocerans, even though copepods were still the predominant prey item (29-52% for Atherina sp. and 35-57% for D. sargus). Amphipods were also a significant component of the diet for both species and, in the case of Atherina sp., this was restricted to the largest individuals. Fish eggs were also an important dietary item for D. sargus and made up 3-7% of the total items consumed.
Prey selectivity
Ivlev's index showed that all five studied species actively rejected zoea larvae and cladocerans for consumption (Fig. 3) . This pattern was specially marked for O. melanura, which selected other prey items such as copepodites (E = 0.18) and copepods (E = 0.20). Atherina sp. and B. boops both selected copepodites (E = 0.82 and 1, respectively), and Atherina sp. rejected nauplius larvae (E = À0.72). Juveniles of D. sargus preferred copepodites (E = 0.30) and fish eggs (E = 0.81). L. aurata rejected fish eggs and fish larvae, and preferred adult rather than juvenile copepods (E = 0.34 for copepods).
Fatty acid composition
The FA composition of the two types of food pellets used at Campello farm, and the single type used at Guardamar, are indicated in Fernandez-Jover et al. (2007) . As is common in the FA composition of commercial aquaculture food pellets, there were high levels of palmitic acid (16:0), oleic acid (18:1x9), linoleic acid (18:2x6) and eicosapentaenoic acid (EPA; 20:5x3).
As given by the PERMANOVA test, there were significant differences between the FA profiles of control and farm-associated fish (F = 6.57, p < 0.01 for L. aurata, and F = 6.68, p < 0.01 for O. melanura). Significant differences were also detected for some of the individual fatty acids, and fatty acid ratios, for both L. aurata and O. melanura. The presence of palmitic acid (16:0) and linoleic acid (18:2x6) were clearly higher in the tissue of farm-associated fish than in that of controls (Table 2 ). There was also significantly lower concentrations of arachidonic acid (20:4x6) in farm-associated fishes than in controls. For O. melanura, there were significantly higher levels of EPA (20:5x3) in farm-associated fish. Significant differences were also found for R(18:2x6; 18:3x3) in O. melanura due to increased levels in farm-associated fish (Table 3) .
The FA profiles of zooplankton collected at the farms also showed significantly elevated levels of pellet-derived acids compared with zooplankton collected at control locations (Table   2 ). Indicator R(18:2x6; 18:3x3) was four times higher in zooplankton collected at farms than at control locations. The ratio x3/x6 was 13 times lower in zooplankton collected from farms than at control locations. This was due to high levels of docosahexaenoic acid (DHA) in control zooplankton communities.
Discussion
This study has demonstrated that sea-cage fish farms are settlement sites for several fish species in the SW Mediterranean Sea. The almost complete absence of individuals in the open areas between cages suggests that juvenile fishes may associate closely with the floating ring structure of the cages in order to gain protection from predators. Our estimated densities indicate that the most abundant species (i.e. B. boops, Atherina sp., and O. melanura), may reach abundances of >10,000, 20,000 and 50,000 individuals/farm, respectively, depending on the number of cages at the farm studied. The lack of information regarding both the settlement of these species, as well as stock information on adult populations across the Mediterranean mean that it is difficult to relate the influence of aggregations of this magnitude on the total settlement of these species in a particular area.
Our work shows that other species did settle at fish farms, however, they did so in much lower abundances (Table 1 ) (e.g. Diplodus sp., Seriola sp., Pomatomus saltatrix). Similarly, the two species cultured at Guardamar and Campello farms, S. aurata and D. labrax did settle around the cages, however, are not detected as adults except when escape events occur (Dempster et al., 2002; Fernandez-Jover et al., 2008) . Factors that cause fishes to select certain settlement sites but not others, are difficult to assess, however, these fishes may use sound or chemical cues from resident fish (Sweatman, 1988; Dempster and Kingsford, 2003; Mann et al., 2007) . This does not seem to be the case for S. aurata and D. labrax as shown by the low numbers of these species found in the vicinity of the cages. However, many of the species detected as juveniles around cages are found in high abundances and biomasses around SW Mediterranean farms as adults. The presence of adult sparids (B. boops, Diplodus sp., O. melanura), mugilids, and carangids (Trachinotus ovatus, Trachurus mediterraneus) around farms may indicate that some species-specific chemical cues are acting and inducing some species to settle around the cages but, at the moment, no data supports this theory. In addition, the floating cages may influence water currents in the vicinity of farms, leading to the retention of pre-settlement fish in the same way that coral reefs modify local currents favouring the retention and local settlement of coral reef fish (Kingsford et al., 1991) .
Movements between sea-cages and surrounding natural habitats are also important when juvenile fish reach a certain size. It has been previously reported that both Diplodus puntazzo and D. sargus usually settle on rocky reefs <2 m deep, while D. vulgaris prefer areas >2 m deep. The preference for a particular habitat type decreases as the juveniles grow and dispersal from this habitat occurs when individuals reach 45-55 mm in length (Macpherson, 1998) . García-Rubies and Macpherson (1995) showed that juvenile D. sargus, D. cervinus, D. puntazzo, D. vulgaris and Sarpa salpa prefer to settle in shallow habitats (<2 m deep) consisting mainly of sand, gravel or small blocks. Furthermore, the size-at-settlement recorded by these authors coincided with that recorded for the same species in the present study (i.e. 5-15 mm). Dempster et al. (2002) found adult B. boops, D. sargus, D. vulgaris, P. saltatrix, T. ovatus and T. mediterraneus around the same facilities studied in this work. None of these species of between 60 and 150 mm SL were found around the cages in this study, which suggest that a connection between different habitats for different developmental stages exists for these species. Natural tagging experiments (e.g. using otolith chemistry; Gillanders and Kingsford, 2000) may be useful to test if individuals which settle at fish farms as juveniles return to the same offshore aquaculture facilities as adults.
For all censused fish species, abundances were highest for the smallest size-classes of fish. Abundances, however, sharply declined in the following months. This may indicate a migration to other habitats when a greater swimming capacity has been attained (Macpherson, 1998) , or high mortality rates due to increased predatory pressure (Finn and Kingsford, 1996) as a result of the presence of adult carnivorous fishes around the cages (e.g. P. saltatrix, Sanchez-Jerez et al., 2008) . If the mortality of juvenile fish is high around cages, there exists the potential for negative effects on local fish stocks, since many of the juveniles are species of commercial importance in the Mediterranean. In any case, the predatory behaviour of adult fishes seems to be highly prey size-dependent, and predation on small juveniles is likely to be moderate in the study region. Indeed, the predators T. mediterraneus and T. ovatus found around cages mainly feed on uneaten food pellets (Fernandez-Jover et al., 2007 . Only a few predator species prey upon wild fish around cages and the size of prey fishes has been shown to be always >10 cm SL Fernandez-Jover et al., unpublished data) . If mortality of juveniles due to predation is moderate around sea-cages, then fish farms may provide shelter as well as appropriate settlement habitat for species that otherwise could have potentially drifted offshore to non-suitable settlement areas. This has been previously suggested to generate positive effects on the survivorship of juvenile fishes around oil platforms (Emery et al., 2006) .
Very few empty stomachs were recorded for all fish species examined for dietary analysis and prey selectivity, indicating that food was not a limiting resource around fish farms. In addition, despite that all species had consumed high numbers of copepods and copepodites (except L. aurata), Ivlev's index did not show a clear preference for copepods, indicating that the demand for copepods is low relative to their availability. The considerable overlap in diet among all studied species shows that food, and especially copepods, to be a non-limiting factor as all species were able to consume other food items at low rates. Food resources associated with cage nets (mainly amphipods such as Caprella sp. and Jassa sp.) are probably not exploited despite their high abundances on the nets (Sanchez-Jerez, pers. obs.). These amphipods, which are larger compared with pelagic food resources, may be oversized for the jaw width of most juvenile fishes. Consequently, our results do not support the suggestion that juvenile fishes settle around sea-cages because of the potential for high food availability associated with the structure of the farm itself (i.e. floating rings, nets, etc.).
The consumption of zooplankton by juvenile fishes aggregated around fish farms may affect the structure of local food webs. Zooplankton collected around fish farms showed elevated levels of linoleic acid (18:2x6) and depressed levels of DHA (22:6x3) relative to controls. This pattern is linked to the dramatic differences in x3/ x6 ratio and total polyunsaturated acids between control and farm-associated zooplankton. However, this substantial difference may be due to high levels of DHA in zooplankton collected at control sites. Several studies have found similar DHA levels to those we found in zooplankton collected from around farms. Nanton and Castell (1999) found DHA and linoleic acid values of 16% and 1.5%, respectively, for zooplankton from the Atlantic Ocean. Rossi et al. (2006) detected DHA and linoleic acid levels that ranged between 12-14% and 2-6%, respectively, for zooplankton from the Mediterranean. These reported values are similar to the DHA levels for farm-associated plankton we detected in this study, however a high proportion of our linoleic acid was of aquaculture food pellet origin. Increments in linoleic acid levels may therefore be a consequence of the consumption of particulate matter arising from uneaten pellets and the faeces of cultivated fish by zooplankton around fish farms. In addition, particulate and dissolved organic matter may influence zooplankton fatty acid composition through the microbial and protozoan loop (Mazzocchi and Ribera d'Alcala, 1995; Turner et al., 1988) .
This change in the FA composition of zooplankton was reflected in the FA profiles of juvenile fishes associated with the cages. We detected increased levels of linoleic and palmitic acids for both species analyzed. High levels of the terrestrial marker P (18:2x6; 18:3x3) were also detected for O. melanura and this was a result of the high proportion of copepods (with food pellets influence in their composition) in the diet of this species. There was also a significant decrease in arachidonic acid (22:4x6) for both species. Marine fishes have specific requirement for dietary arachidonic acid (Castell et al., 1994; Bell and Sargent, 2003) because of its vital function as the main precursor to a wide variety of biologically active compounds, such as the eicosanoids (Tocher and Sargent, 1987) . This acid is necessary for the optimal growth, development, and health of juvenile fishes (Bell and Sargent, 2003) , and hence may contribute to the larval survivorship of marine teleosts. Further work using controlled experiments in the laboratory is necessary in order to better assess the incorporation rates of this acid in different species. Its residence time in fish tissues must also be quantified if arachidonic acid is to be considered as a potential biomarker for testing the influence of fish farms on the physiology of juvenile fish. In summary, the results of this work clearly demonstrate that juvenile fishes use sea-cage fish farms as settlement areas in the SW Mediterranean Sea. The input of FAs of aquaculture origin may be associated with a change in the physiology of juvenile fish species which aggregate there. This also raises the question as to whether offshore aquaculture facilities in the Mediterranean are responsible for attracting juvenile fishes to settle in areas with high abundances of adult predators, or conversely, whether they provide a unique settlement habitat for drifting larvae that may otherwise have perished in the open sea before finding appropriate settlement habitat (Emery et al., 2006) .
